This paper describes some recent research and development in acoustical standards calibration at NRC. Topics included are: instru mentation and apparatus for precise reciprocity and comparison methods of calibration of condenser microphones. Also, a three-port two micro phone cavity technique for the overall calibration of sound level meters is discussed together with various methods of verification of acoustical calibrators.
Introduction
Most technology-based countries have national standards labora tories. In accordance with the mandate given NRC by Canada's Weights and Measures Act, the Division of Physics has responsibility for refe rence standards including national acoustical standards. This paper describes some recent research and development in acoustical standards calibration at NRC.
Reciprocity Pressure Calibration of Condenser Microphones
Various new and classical methods of microphone calibration have been described (1) (2) (3) (4) (5) (6) (7) (8) and there are national and international standards (9, 10) to govern the absolute method of reciprocity calibration, which for the last 10 to 20 years, has achieved an accuracy of between 0.025 and 0.05 dB.
At NRC an arrangement has been developed (11) for precision reciprocity calibration of condenser microphones, and i t is anticipated that in the very near future i t will be possible to attain an accuracy of better than 0.005 dB.
The reciprocity method is essentially the measurement of the product of the sen sitiv ities of each pair of a set of three microphones in terms of related electrical and mechanical quantities, from which the absolute sensitivity of each microphone can be calculated. It is outside the scope of this paper to describe the theoretical aspects of the reciprocity method. The combined result of two important develop ments which enable one to achieve an order of magnitude improvement on accuracy is explained as follows: The f ir s t development is, a) The development of a precision A.C. null-detecting system which has a resolution of better than 0.001 dB. In the reciprocity calibration arrangement shown in Fig, 1 , two microphones are mounted in a common cavity. Microphone (A) is driven by a signal (e) from an oscillator. After attenuation, signal (e ) from the receiving microphone (B), is compared with signal (e1), which is derived from the driving current (I) of microphone (A). The attenuator is a seven-decade ratiotransformer with an accuracy of 0.5 ppm. The A.C. null detector is a lock-in amplifier with full scale resolution of 100 nV.
The second development is,
b) The precise measurement of the equivalent volume of the calibration cavity by means of an unique acoustical method. The equivalent volume is expressed in terms of the readings of the ratio-transformer and a precisely known small change in volume, which is implemented with o p tical-flat spacers. The relation between the equivalent volume V and the readings of the rati o-transformer is (see fig. 2 ).
where £Vm and VQ are the total equivalent volumes of the microphones and the cavity respectively, and aV q is the small change in volume.
Since the equivalent volume of the cavity is measured acoustically under controlled environmental conditions using frequencies similar to the reciprocity calibration, correction factors such as capillary correction, heat-conduction correction and wave-pattern correction are unnecessary. The precision of these corrections is only of the order of 0.1%, and they are essential for conventional calibration arrange ments. It is estimated that the uncertainty of our reciprocity calibration is less than 0.005 dB. 
Comparison Method of Microphone Calibration
The absolute method of reciprocity pressure calibration of microphones is relatively time consuming. For some microphone applica tions, the comparison calibration method developed at N RC is very attractive economically. The calibration procedure is as follows: -(1) A standard microphone with a known pressure sensitivity, is closely coupled to a stable sound source (e.g. pistonphone calibrator). The signal from the microphone is monitored with a precision measuring amplifier (12) which was developed at NRC. The sensitivity of the reference microphone is entered into the multi turn potentiometer dial, which is calibrated in the format of microphone sensitivity (mV/Pa), of the measuring amplifier. A level reading is taken via an external digital voltmeter which has a resolution of better than 0.01 dB.
(2) The reference microphone is replaced with the test microphone. The calibrated sensitivity dial is adjusted until the same reading is obtained with the monitoring voltmeter. The dial reading gives the sensitivity of the test microphone in mV/Pa. The repeatability of the dial readings is better than 0.01 dB, and i t is estimated that the error of the calibrated sensitivity of the test microphone is less than 0.05 dB plus the sensitivity uncertainty of the reference microphone.
There are several limitations which must be recognised: Since the two microphones are not presented to the sound field simulta neously, high accuracy can only be achieved if both microphones are of the same model so that the effective cavity volume remains essentially constant. The stability of the sound source and the mechanical positional repeatability of the microphones are some obvious require ments. However, the above limitations can be eliminated by the use of a three-port two microphone cavity which is described later. 
C alibration of Acoustical Calibrators
Acoustical ca lib ra to rs are useful as a convenient means of checking the performance of acoustical treasuring systems, and they are not Intended to replace standard laboratory c a lib ra tio n procedures.
The arrangement fo r c a lib ra to r assessment is shown in Fig. 4 . I t consists of a standard microphone with a known pressure s e n s itiv ity , t p re -a m p lifie r with a gain a, and the provision fo r in se rt voltage stasurement.
The usual ca lib ra tio n procedure is to obtain a reading from the detector-1nd1cator with the switch S at position 1. With the acoustical signal turned o ff, and the switch at the second position, the same reading is obtained by adjusting the in se rt voltage. Since the Microphone pressure s e n s itiv ity is known, the measured magnitude of the in s e rt voltage enables the calculation of the sound pressure level of the c a lib ra to r. In theory, the sole requirement of the detectorin d ica to r is good re p e a ta b ility . However, is practice, the RM S accuracy of the detector is important since the insert-voltage is usually a re la tiv e ly pure sinewave, whereas the signal from acoustical ca lib ra to rs may have 1 to 3% d is to rtio n .
A second approach is to measure the signal d ire c tly at the output of the pre-am plifie r (switch S at position 1). The gain of the p re-am p lifie r can be measured accurately (to the order of ppm) by means of the A.C. n u llin g arrangement, and the assessment of the signal is performed with a precision RM S d iffe re n tia l voltmeter (Fluke 931B) which has an accuracy better than 0.005 dB. The estimated error of the calibrated sound pressure level is less than 0.01 dB plus the s e n s itiv ity uncertainty of the reference microphone.
I t is important to point out that the above methods only provide a calibrated sound pressure level fo r the p a rtic u la r model of micro phone used as the reference. A correction is required fo r microphones with d iffe re n t equivalent volumes. Other corrections such as those due to barometric pressure and temperature variations are normally supplied by the manufacturer of the acoustical c a lib ra to r.
Theory of a Three-Port, Two-Microphone Cavity
The effects of the microphone equivalent volume and the stab i l i t y of the sound source on the conventional comparison method of microphone ca lib ra tio n can be eliminated with the aid of a three-port, two-sicrophone cavity (13) . The two microphones simultaneously monitor the sound fie ld that is produced by a suitable driver u n it ( fig . 5 ). I t must be pointed out that the above errors included the errors of the detector-indicators of the measuring systems; and the measurements were performed with the protecting grids on the microphones in place.
Conclusion
This paper describes some recent research and development in acoustical standards calibration in our laboratory. I f any readers would like to have more information in the metrological procedures of the calibration methods described, we would be glad to discuss them in more detail. 
